Abstract Sweat responses to mental arithmetic were recorded simultaneously on the axilla, palm, and general body surface (chest and forearm) by resistance or capacitance hygrometry at different ambient temperatures. Sweat expulsions observed on the axilla were fully synchronized with those on the general body surface, but not always with those on the palm. In some subjects the sweat responses to mental arithmetic on the general body surface were different in pattern from those on the palm. In such subjects the sweat response pattern on the axilla was similar to that on the general body surface. The sweat response to mental arithmetic occurred at a considerably lower environmental temperature on the axilla than on the general body surface. The occurrence of the sweat response on the axilla can be related to the peculiar feature of axillary thermal sweating: a lower threshold temperature and less responsiveness to thermal load compared with thermal sweating on the general body surface. This suggests that mental sweating on the axilla occurs due to the characteristic feature of thermal sweating on the axilla. Axillary eccrine sweating is not different qualitatively from sweating on the general body surface.
It is well known that sweat glands in the palm and the sole respond readily to mental stimulation at a temperate environmental temperature, but hardly respond at all to thermal stimulation; eccrine glands in all areas of the body except for the palm, sole and axilla (to be called the general body surface) respond readily to thermal stimulation but not to mental stimulation in the absence of thermal sweating. Eccrine glands in the adult axilla are generally believed to respond not only to mental stimulation at a temperate environmental temperature but also to thermal stimulation. KUNO (1956) maintained that as the environmental temperature rises the responsiveness of palmar sweat glands to mental stimulation decreases, while that of axillary eccrine glands increases, and as compared with the eccrine glands in any part of the general body surface, the axillary eccrine glands respond more slowly and more weakly to a rise in environmental temperature. Thus he pointed out that the mental sweating and the thermal sweating on the axilla are not exactly the same as the mental sweating on the palm and the thermal sweating on the general body surface, respectively. Based on these observations, he presumed a special sweat center for the axilla. We reevaluated previously the feature of thermal sweating on the axilla and observed an earlier appearance of thermal sweating and less responsiveness to thermal load compared with the thermal sweating on the general body surface (SUGENOYA et al., 1981) . The present study was designed to investigate further the mechanisms of axillary eccrine sweating with special reference to the feature of mental sweating on the axilla in association with thermal sweating on the axilla. capsule thus held covered properly the field of the axillary eccrine glands, although the capsule contained a small area other than the field of axillary eccrine glands. Attention was paid to avoid strong pressure against the capsule on the axillary skin, since such pressure may evoke a sweat-suppressive reaction over the ipsilateral side of the body due to the pressure-sweating reflex (TAKAGI, 1960) . For mental stimulation was used mental arithmetic, which consisted of multiplication moderately difficult to solve. The complicacy of a question was adjusted to the ability of the subject. Most of the experiments were performed in winter and some in summer.
METHODS

RESULTS
It has been observed that in some individuals sweating patterns over the general body surface in response to mental stimuli are similar to those on the palm, while in others the former are often dissimilar to the latter (OGAWA, 1975; OGAWA et al., 1977) . Such a dissimilarity was also observed occasionally in the present study. An example is shown in Fig. 1 , where sweat responses to mental arithmetic in a hot environment are presented. It was noted that the sweating pattern on the axilla was very similar to that on the forearm, but differed considerably from that on the palm. It was also noted that the sweat expulsions on the axilla and the palm were not always synchronized with each other, while the expulsions on the axilla and the forearm were fully synchronized, although a few of them were so small that they were hardly visible. theless, it was a general tendency that the sweat response on the chest occurred at a slightly lower Ta than on the forearm, although this tendency was obscure during the lowering of Ta. Thus, it was suggested that the sweat response to mental arithmetic occurs at a considerably low Ta on the axilla, at a higher Ta on the chest, and at an even higher Ta on the forearm. Mental arithmetic failed to cause a consistent response of sweating on the chest or the forearm: in some cases, the sweating in a hot environment was suppressed during mental arithmetic. Figure 4 represents an example where mental arithmetic caused a facilitatory response on palmar sweating and a suppressive response on forearm sweating. When the examiner had a conversation with the subject, a facilitatory response developed both on palmar and forearm sweating. These observations are in accord with those by OGAWA (1975) , who demonstrated that the response pattern of sweating to mental stimulation varies with the type of stimulation: sensory or emotional stimulation causes a sweat-facilitatory response on the general body surface as well as on the palm and sole; intellectual stress causes a sweat-facilitatory response on the palm and sole, but causes divergent responses on the general body surface, a sweat-suppressive response in failed to show synchronization with the expulsions on the general body surface (Fig. 1) . This observation strongly suggests that the expulsions on the axilla recorded in the present experiments were mostly eccrine in origin. Considering the duration of the refractory period of apocrine glands, it is possible to predict that throughout the period of the experiment apocrine sweating rarely occurs. SHELLEY and HURLEY (1953) found that, once an apocrine sweat gland has discharged sweat, it loses responsiveness to any stimulation for the succeeding 24 hr or more. On the other hand, it was demonstrated that apocrine sweating can be evoked by emotional stress such as pain, fear or apprehension (SHELLEY and HURLEY, 1953) , and that apocrine sweat can be squeezed out by manual compression of the axillary skin (HURLEY and SHELLEY, 1960) . In the present study the axillary hair was shaved off and the axillary skin was wiped with alcohol prior to the experiment. Therefore, it is conceivable that these treatments may have caused a compression of the axillary skin or have induced some emotional or sensory stimuli, causing sweat discharge from the apocrine glands susceptible to such stimuli at that time and leading them to the refractory period of considerably long duration. Thus, it is considered that the apocrine sweating of the axilla, if present, was negligible. OGAWA (1975) observed, as mentioned earlier, that emotional or sensory stimulation facilitates both palmar sweating and sweating over the general body surface, whereas intellectual stress facilitates palmar sweating and either depresses or facilitates sweating over the general body surface. The following mechanism has been suggested to account for these phenomena (OGAWA et al., 1977) . Emotional stress or sensory stimulation facilitates the central activity for mental sweating, while intellectual stress, such as mental arithmetic, facilitates the central activity for mental sweating and inhibits that for thermal sweating. Interaction of activities may exist between these two central mechanisms. Subsequently, intellectual stress may depress the sweating on the general body surface or may facilitate it, depending on the degree of the interaction. In subjects who showed a sweat-suppressive response on the general body surface to intellectual stress, as shown in Fig. 4 , a sweat-suppressive response was also noted on the axilla. This suggests that the axillary eccrine glands might be regulated by the central activity for thermal sweating. This suggestion is supported by other observations that sweat expulsions on the axilla were fully synchronized with those on the forearm, but not with those on the palm (Fig. 1) , and that the change in sweat rate on the axilla with gradual elevation of Ta, was similar to that on the general body surface, rather than to that on the palm (Fig. 2) .
However, the axilla apparently differs as regards the nature of thermal sweating from the general body surface, as pointed out by KUNO (1956) . As is observed in Fig. 2 , thermal sweating occurred earlier and the increase in sweat rate in response to heat stress was less on the axilla than on the forearm. Our previous study in which the features of thermal sweating in various regions of the general 
